Tobacco (Nicotiana tabacum) pith explants were grown on manganese containing medium. At moderate concentration (10 millimolar), manganese selectively inhibited chlorophyll synthesis, resulting initially in growth of white callus. Several weeks later the white callus turned brown due to the accumulation of a pigment identified as protoporphyrin IX by its elution profile using high performance liquid chromatography, by its absorption spectrum, and by its fluorescence properties. At a concentration of 100 millimolar manganese the pigment accumulated without growth of the explant.
Manganese has a vital role in plants as an essential cofactor for 02 evolution. Excess Mn, however, can be toxic. Some Extracts of the gray-brown callus show that most photosynthetic pigments (both Chl and carotenoids) are missing or drastically reduced, as monitored by absorption at 445 nm of their elution profile (Fig. Ia) . Monitoring the A at 400 nm, however, reveals other pigments, one major and several minor peaks. We identified the major peak as protoporphyrin IX, as its absorption spectrum and elution profile are identical to those of purified standard. A comparison of their absorption spectra from the HPLC is shown in Figure 2 . Both have a single main peak at about 400 nm, with very minor peaks at about 500, 535, and 575 nm. In addition, both the purified standard and the main Higher concentrations of Mn inhibited growth as well as Chl synthesis. By 8 weeks normal control callus is still green, has increased in tissue volume about 30 times, and has formed large leafy shoots and roots (Fig. 3) pigment in the medium around them. Growth inhibition and accumulation of a reddish-brown pigment in tobacco callus exposed to 10 and 100 mm Mn have recently been reported also by Petolino and Collins (6) .
The amount of protoporphyrin IX-like pigment present in callus was determined using a standard curves The accumulation of more protoporphyrin IX than Mg protoporphyrin IX monomethyl ester could be explained by two factors. First, the Mg may be lost in the tissue; Mg protoporphyrin in plastids is reported to be photolabile (2). Second, with decreasing cell growth, less protoporphyrin IX would be drawn off for heme synthesis.
Our results support the hypothesis that Mn toxicity is mediated, at least in part, by inhibition of Chl synthesis. Chl synthesis is more sensitive to Mn inhibition than growth, since growth proceeds at Mn levels which completely inhibit Chl synthesis. However, carotenoid accumulation is also apparently inhibited by Mn, either directly or by the absence of a Chl precursor.
Using absorption at 400 nm but not 445 nm and the elution profile (2.7 min) as a method of detection, the protoporphyrin IX-like pigment was also found in callus growing on normal medium (Fig. lb) 
